[Abstract] Metals are essential in many biological processes, including oxygenic photosynthesis. Here we described a method to measure the metal pool in whole cells and thylakoids, including the bioactive pool in intact photosynthetic protein complexes in the model oxygenic cyanobacterium Synechocystis 
, and shake the flasks on an orbital shaker at 100 rpm until the cultures reach the late exponential phase (0.8-0.9 OD750).
Applying these growth conditions the cultures should reach the desired density in about 5 days.
3. Before collecting the cultures, measure the OD750 for each culture.
4. For each culture, keep aside 50 ml culture for protein concentration determination in whole cells samples (Steps A8-A13).
5. Pellet the remaining culture, centrifuging at 5,000 x g for 10 min (at room temperature), using the 250 ml bottles suitable for the type 19 rotor of the Beckman Coulter centrifuge. Repeat the centrifugation step to pellet the rest of the culture volume.
6. Wash the cell pellet with 50 ml of EDTA washing buffer (see Recipes), pellet the cells at 5,000
x g for 10 min at room temperature, discard the supernatant and repeat this washing step two more times (Note 1). The supernatant from the first wash will appear slightly colored (with a yellow-orange shade), whereas the supernatant of the third wash should be clear (Figure 2 ).
7. Wash the pellet with 50 ml of Tricine buffer (see Recipes), pellet the cells at 5,000 x g for 10 min, discard the supernatant and repeat this washing step two more times. Before the last centrifugation step, split the cell suspension into two parts, and pellet both cell fractions by centrifugation at 5,000 x g for 10 min at room temperature. One cell pellet constitutes the whole cell preparation ready to be analyzed (see Procedure C). The pellet for the whole cell preparation can be frozen in liquid nitrogen and stored in a freezer until analysis. The second cell pellet is directly further processed to obtain thylakoid membranes (Steps B1-B6). 
Treat the cells collected at
Step A4 according to Steps A6-A7 and re-suspend the cell pellets to OD750 1 in Tricine buffer (see Recipes).
9. Add 1 ml of lysozyme solution (see Recipes) to the cell suspension and gently shake it at room temperature for 30 min. In our hands, this step helps the subsequent rupture.
10. Repeatedly rupture the cells in a microfluidizer processor, following manufacturer instruction.
Seven to eight cycles are usually sufficient to obtain complete cell rupture. 
Data analysis

Total metal concentrations
The metal concentrations in whole cells and thylakoid membranes are determined from the external calibration curves for each metal, using the Masshunter software (the software enables automatic calculation of sample concentrations). The data are exported and the metal concentrations are normalized to protein concentrations for each sample. It is recommended to perform two-way analysis of variance (ANOVA) on metal concentrations from at least two independent experiments, each consisting of three independent preparations for each strain of interest, to take into account any variation between experiments. In this respect, we observed that the metal count of a strain differed more between two independent experiments than within independent cultures of the same experiment. This variability could be due to various reasons, such as slightly different log-phases at culture collection.
Speciation analysis
At least three independent samples for each strain are analyzed by SEC-ICP-MS. As for the total metal concentrations analysis, we strongly recommend analyzing at least two independent 2. The thylakoid preparation described here is actually composed by outer membrane, plasma membrane and thylakoids. However, thylakoids are, by far, the predominant membrane in the sample. The abundance of thylakoids in the preparation is particularly evident from the obtained green pellet and when the membrane preparation is loaded onto a sucrose step gradient (as described in Omata and Murata, 1985, see Figure 4 ). 3. If preferred, thylakoid pellets can be frozen in liquid N2 (to ensure the pellet is kept in the bottom of the Eppendorf tube) and stored in a freezer until digestion for total metal analysis.
4. In the current protocol, 625 or 50 µl of 70% (v/v) HNO3 was added to the whole cell sample (25 ml OD7501 Synechocystis cells, approximately corresponding to 73 mg of proteins) and thylakoid pellets (corresponding to 0.73 mg protein), respectively. It is important to note, that the given protein amounts may be adjusted (and most likely further reduced). However, make sure that the whole cell and thylakoid pellets are completely covered with HNO3 during pre-digestion.
5. Addition of H2O2 facilitates complete digestion at lower temperatures.
6. To ensure accurate dilution, the dilution of each sample was performed using an analytical balance. The weight of each sample after dilution (the dilution factor) was noted for each sample for subsequent calculations and data analysis. Sterilize by autoclave
